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Decoder and Decoding Method for LC3 Concealment including Full Frame Loss
Concealment and Partial Frame Loss Concealment

Description

The present invention relates to a decoder and a decoding method for LC3 frame loss
concealment including full frame loss concealment and partial frame loss concealment.

Transform based audio codecs rely on coded representations of spectra of audio frames.
Such spectra consist of a plurality of spectral lines. Due to various reasons, either some or
even all spectral lines may not be available on a decoder side. Audio error concealment
concepts in the frequency domain may, e.g., provide means to mitigate artefacts caused by
such missing spectral lines. A common approach is, to find as good as possible
replacements for them.

In the prior art, various frame loss concealment techniques are available.

Frame loss concealment concepts in the frequency domain are, e.g., discussed in [1],
where, in particular, muting, repetition, noise substitution and prediction are mentioned.
Those techniques are always combined with a fade-out process, which fades the signal -
usually over several lost frames — towards either zero or towards some sort of background
noise/comfort noise.

In [2], different attenuation factors for frequency bands are proposed depending on the
energy in those bands: A larger attenuation factor may, e.g., be applied for bands with an
energy higher than a threshold, and a smaller attenuation factor might be applied for bands
with an energy below that threshold. Moreover, in [2], the energy progression over the last
good frames is observed, and a stronger attenuation is applied, if the energy in the last good
frame was smaller than in the last but one good frame.

Furthermore, the spectral shape of the signal might also be faded towards some sort of
common shape. This approach is used in particular in linear predictive coding (LPC) based
codecs, e.g. EVS (enhanced voice services), where the LPC coefficients are blended
towards some provided mean coefficients.

The object of the present invention is to provide improved concepts for error concealment.
The object of the present invention is solved by a decoder according to claim 1, by a method
according to claim 39 and by a computer program according to claim 40.
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A decoder for decoding a current frame to reconstruct an audio signal is provided. The audio
signal is encoded within the current frame. The current frame comprises a current bitstream
payload. The current bitstream payload comprises a plurality of payload bits. The plurality
of payload bits encodes a plurality of spectral lines of a spectrum of the audio signal. Each
of the payload bits exhibits a position within the current bitstream payload. The decoder
comprises a decoding module and an output interface. The decoding module is configured
to reconstruct the audio signal. The output interface is configured to output the audio signal.
The decoding module comprises an error concealment mode, wherein, if the decoding
module is in said error concealment mode, the decoding module is configured to reconstruct
the audio signal by conducting error concealment for those spectral lines of the spectrum
of the audio signal, which exhibit a frequency being greater than a threshold frequency.
And/or, if error concealment is conducted by the decoding module, the decoding module is
configured to conduct error concealment in a way that depends on whether or not a previous
bitstream payload of a previous frame preceding the current frame encodes a signal
component of the audio signal which is tonal or harmonic.

Moreover, a method for decoding a current frame to reconstruct an audio signal is provided.
The audio signal is encoded within the current frame, wherein the current frame comprises
a current bitstream payload, wherein the current bitstream payload comprises a plurality of
payload bits. The plurality of payload bits encodes a plurality of spectral lines of a spectrum
of the audio signal. Each of the payload bits exhibits a position within the current bitstream
payload. The method comprises:

Reconstructing the audio signal, wherein, in an error concealment mode,
reconstructing the audio signal is conducted by conducting error concealment for
those spectral lines of the spectrum of the audio signal, which exhibit a frequency
being greater than a threshold frequency; and/or, if error concealment is conducted,
error concealment is conducted in a way that depends on whether or not a previous
bitstream payload of a previous frame preceding the current frame encodes a signal
component of the audio sighal which is tonal or harmonic; and

- Qutputting the audio signal.

Furthermore, a computer program for implementing the above-described method when
being executed on a computer or signal processor is provided.
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In some circumstances, error concealment concepts may, e.g., be be applied to the whole
frame, e.g. if the whole frame is lost or marked as invalid, or — even if parts of the spectrum
are available — if full frame loss concealment is considered to be the best possible error
concealment strategy.

In other circumstances, however, error concealment techniques may, e.g., be applied to
just a part of the frame, if parts of the spectrum are available.

Circumstances, where parts of the spectrum are available, may, for example, occur in
scalable coding, e.g. AAC scalable, AAC SLS or BSAC, where some layers are received,
but others are not received (AAC = advanced audio coding, SLS = scalable to lossless,
BSAC = bit sliced arithmetic coding).

Or, parts of the spectrum may, e.g., be available in redundant frame coding, where a
redundant low quality copy of the lost frame is available, i.e. in the context of VolP or VoL TE
(see, e.g., [3] and [4] for more information on robustness and error resilience in VolP and
VoL TE; VolP = voice over IP/ voice over internet protocol;, VoLTE = voice over LTE/ voice
over long term evolution).

Or, parts of the spectrum may, e.g., be available when selective error detection is
conducted, e.g. in AAC with RVLC (reversible variable length coding) for the scale factor
data, where certain scale factors might be detected to be corrupt, leading to a certain
number of corrupt spectra lines; or, e.g., in LC3 for DECT (digital enhanced cordless
telecommunications), where errors in the coded representation of parts of the spectrum
(representing the psychoacoustically less important spectral range) can be separately
detected.

In the following, embodiments of the present invention are described in more detail with
reference to the figures, in which:

Fig. 1 illustrates a decoder for decoding a current frame to reconstruct an audio
signal portion of an audio signal according to an embodiment.

Fig. 2 illustrates a decoding module according to a particular embodiment.

Fig. 3 illustrates a decoding module overview according to an embodiment for clean
channel decoding.
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Fig. 4

Fig. 5

Fig. 6

Fig. 7

Fig. 8

Fig. ©

illustrates a decoding module overview according to an embodiment for full
frame loss concealment.

ilustrates a decoding module overview according to an embodiment for
partial frame loss concealment.

ilustrates a fading function according to an embodiment which depends on
a number of lost frames in a row, and which further depends on a frame
length.

illustrates a threshold for sign scrambling according to an embodiment, which
depends on a number of lost frames in a row and which further depends on
a frame length.

illustrates an energy threshold factor according to an embodiment, which
depends on a number of lost frames in a row and which further depends on
a frame length.

ilustrates a non-linear attenuation according to an embodiment, which
depends on a number of lost frames in a row.

Fig. 1 illustrates a decoder 100 for decoding a current frame to reconstruct an audio signal

according to an embodiment.

The audio signal is encoded within the current frame. The current frame comprises a current
bitstream payload. The current bitstream payload comprises a plurality of payload bits. The
plurality of payload bits encodes a plurality of spectral lines of a spectrum of the audio signal.

Each of the payload bits exhibits a position within the current bitstream payload.

The decoder 100 comprises a decoding module 110 and an output interface 120.

The decoding module 110 is configured to reconstruct the audio signal.

The output interface 120 is configured to output the audio signal,

The decoding module 110 comprises an error concealment mode, wherein, if the decoding
module 110 is in said error concealment mode, the decoding module 110 is configured to
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reconstruct the audio signal by conducting error concealment for those spectral lines of the
spectrum of the audio signal, which exhibit a frequency being greater than a threshold
frequency.

And/or, if error concealment is conducted by the decoding module 110, the decoding
module 110 is configured to conduct error concealment in a way that depends on whether
or not a previous bitstream payload of a previous frame preceding the current frame
encodes a signal component of the audio signal which is tonal or harmonic.

In some embodiments, the decoding module may, e.g., be in said error concealment mode,
if the current bitstream payload of the current frame comprises uncorrectable errors and/or
if the current frame is lost. The current bitstream payload may, e.g., comprise uncorrectable
errors, if an error still exists after error correction has been conducted by the decoder 100;
or, if the current bitstream payload comprises an error and no error correction is conducted
at all. A frame comprising uncorrectable errors may, e.g., be referred to as a corrupted
frame.

For example, according to an embodiment, particular error concealment parameters may,
e.g., be configured depending on whether or not said previous bitstream payload of said
previous frame preceding the current frame encodes said signal component of the audio
signal which is tonal or harmonic.

According to an embodiment, the previous frame may, e.g., be a last received frame which
has been decoded by the decoding module 110 without conducting error concealment in
the full frame loss concealment mode.

In the following, embodiments are described in more detail.

The spectrum may, e.g., be considered to be subdivided into those spectral lines, which are
available and which shall be used, and those spectral lines, which are not available or which
shall not be used (for example, although they may, e.g., be available).

According to some embodiments, one may, e.g., proceed as follows:

In some situations, all spectral lines are available and shall be used, and thus, no frame
loss concealment may, e.g., be conducted.
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In other situations, certain spectral lines are available and shall be used, and partial frame
loss concealment may, e.g., be conducted on the missing spectral lines.

In yet other situations, no spectral lines are available or shall be used, and full frame loss
concealment may, e.g., be conducted.

In the following, error concealment depending on tonality according to some embodiments
is described.

In an embodiment, if error concealment is conducted by the decoding module 110, the
decoding module 110 may, e.g., be configured to reconstruct a current spectrum of the
audio signal by conducting error concealment using a plurality of signs of a previous
spectrum of the audio signal, said plurality of signs being encoded within the previous frame,
wherein the decoding module 110 may, e.g., be configured to conduct error concealment in
a way that depends on whether or not said previous frame encodes a signal component
which is tonal or harmonic. For example, parameters for error concealment may, e.g., be
selected in a different way depending on whether or not signal component which is tonal or
harmonic.

In an embodiment, said previous frame may, e.g., be a last received frame, which has been
decoded by the decoding module 110 without conducting error concealment. Or, said
previous frame may, e.g., be a last received frame, which has been decoded by the
decoding module 110 without conducting error concealment in the full frame loss
concealment mode. Or, said previous frame may, e.g., be a last received frame, which has
been decoded by the decoding module 110 without conducting error concealment in the
partial frame loss concealment mode or in the full frame loss concealment mode.

According to an embodiment, if error concealment is conducted by the decoding module
110, and if the previous bitstream payload of the previous frame encodes a signal
component which is tonal or harmonic, the decoding module 110 may, e.g., be configured
to flip one or more signs of the plurality of signs of the previous spectrum to reconstruct the
current spectrum, wherein a percentage value p, indicating a probability for a sign of the
plurality of signs of the previous spectrum to be flipped by the decoding module 110 to
reconstruct the current spectrum, may, e.g., be between 0 % < p < 50 %, wherein the
decoding module 110 may, e.g., be configured to determine the percentage value p. In an
embodiment, the decoding module 110 may, e.g., employ a sequence of pseudo random
numbers to determine whether a considered sign of the previous spectrum shall actually be
flipped or not depending on the percentage value p.



10

15

20

25

30

35

WO 2020/165265 PCT/EP2020/053620

In an embodiment, the decoding module 110 may, e.g., be configured to increase the
percentage value p depending on a number of subsequent frames. Said number of
subsequent frames may, e.g., indicate for how many subsequently (partially or fully) lost
frames error concealment has been conducted by the decoding module 110; or wherein
said number of subsequent frames may, e.g., indicate for how many subsequent frames
error concealment in a particular error concealment mode has been conducted by the
decoding module 110.

In an embodiment, the decoding module 110 may, e.g., be configured to determine the
percentage value p depending on a function which depends on said number of subsequent
frames, said number of subsequent frames being an argument of said function.

According to an embodiment, the decoding module 110 may, eg., be configured to
determine the percentage value p, such that p is 0 %, if said number of subsequent frames
is smaller than a first threshold value; such that 0 % s p s 50 %, if said number of subsequent
frames is greater than or equal to the first threshold value and smaller than a second
threshold value, and such that p = 50 %, if said number of subsequent frames is greater
than the second threshold value.

In an embodiment, the decoding module 110 may, e.g., be configured to determine the
percentage value p, such that the percentage value p increases linearly in the range
between the first threshold value and the second threshold value depending on the number
of subsequent frames.

According to an embodiment, if error concealment is conducted by the decoding module
110, and if the previous bitstream payload of the previous frame does not encode a signal
component which is tonal or harmonic, the decoding module 110 may, e.g., be configured
to flip 50 % of the plurality of signs of the previous spectrum to reconstruct the current
spectrum.

In an embodiment, if error concealment is conducted by the decoding module 110, the
decoding module 110 may, e.g., be configured to reconstruct a current spectrum of the
audio signal by conducting error concealment using a plurality of amplitudes of the previous
spectrum of the audio signal depending on whether or not the previous frame encodes a
signal component which is tonal or harmonic, said plurality of amplitudes being encoded
within the previous frame.
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According to an embodiment, if error concealment is conducted by the decoding module
110, the decoding module 110 may, e.g., be configured to attenuate the plurality of
amplitudes of the previous spectrum according to a non-linear attenuation characteristic to
reconstruct the current spectrum, wherein the non-linear attenuation characteristic depends
on whether or not the previous bitstream payload of the previous frame encodes a signal
component which is tonal or harmonic. For example, parameters for the non-linear
attenuation characteristic may, e.g., be selected in a different way depending on whether
or not signal component which is tonal or harmonic.

In an embodiment, if error concealment is conducted by the decoding module 110, and if
the previous bitstream payload of the previous frame encodes a signal component which is
tonal or harmonic, the decoding module 110 may, e.g., be configured to attenuate the
plurality of amplitudes of the previous spectrum depending on a stability factor, wherein said
stability factor indicates a similarity between the current spectrum and the previous
spectrum:; or wherein the stability factor indicates a similarity between the previous
spectrum and a pre-previous spectrum of a pre-previous frame preceding the previous
frame.

According to an embodiment, said pre-previous frame may, e.g., be a last received frame
before the previous frame, which has been decoded by the decoding module 110 without
conducting error concealment. Or, said pre-previous frame may, e.g., be a last received
frame before the previous frame (e.g., a last but one received frame), which has been
decoded by the decoding module 110 without conducting error concealment in the full frame
loss concealment mode. Or, said pre-previous frame may, e.g., be a last received frame
before the previous frame, which has been decoded by the decoding module 110 without
conducting error concealment in the partial frame loss concealment mode or in the full frame
loss concealment mode.

In an embodiment, said stability factor may, e.g., indicate said similarity between the current
spectrum and the previous spectrum, if the decoding module 110 is set to conduct partial
frame loss concealment. Said stability factor may, e.g., indicate said similarity between the
previous spectrum and the pre-previous spectrum, if the decoding module 110 is set to
conduct full frame loss concealment.

According to an embodiment, the decoding module 110 may, e.g., be configured to
determine an energy of a spectral bin of the previous spectrum. Moreover, the decoding
module 110 may, e.g., be configured to determine whether or not said energy of said
spectral bin is smaller than an energy threshold. If said energy is smaller than said energy
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threshold, the decoding module 110 may, e.g., be configured to attenuate an amplitude of
the plurality of amplitudes being assigned to said spectral bin with a first fading factor. If
said energy is greater than or equal to said energy threshold, the decoding module 110
may, e.g., be configured to attenuate said amplitude of the plurality of amplitudes being
assigned to said spectral bin with a second fading factor, being smaller than the first fading
factor. The decoding module 110 may, e.g., be configured to conduct attenuation such that
by using a smaller fading factor for the attenuation of one of the plurality of amplitudes, the
attenuation of said one of the amplitudes is increased.

In an embodiment, the decoding module 110 may, e.g., be configured to determine an
energy of a spectral band comprising a plurality of spectral bins of the previous spectrum.
The decoding module 110 may, e.g., be configured to determine whether or not said energy
of said spectral band is smaller than an energy threshold. If said energy is smaller than said
energy threshold, the decoding module 110 may, e.g., be configured to attenuate an
amplitude of the plurality of amplitudes being assigned to said spectral bin of said spectral
band with a first fading factor. If said energy is greater than or equal to said energy
threshold, the decoding module 110 may, e.g., be configured to attenuate said amplitude of
the plurality of amplitudes being assigned to said spectral bin of said spectral band with a
second fading factor, being smaller than the first fading factor. The decoding module 110
may, e.g., be configured to conduct attenuation such that by using a smaller fading factor
for the attenuation of one of the plurality of amplitudes, the attenuation of said one of the
amplitudes is increased.

According to an embodiment, the decoding module 110 may, e.g., be configured to
determine the first fading factor such that, depending on said number of subsequent frames,
the first fading factor becomes smaller. Moreover, the decoding module 110 may, e.g., be
configured to determine the second fading factor such that, depending on said number of
subsequent frames, the second fading factor becomes smaller.

In an embodiment, the decoding module 110 may, e.g., be configured to determine the first
fading factor and the second fading factor, so that

1, and
1,

cum_fading slow

]

cum_ fading_ fast

if the current frame is a first frame among the subsequent frames, and so that if the current
frame is one of the frames succeeding the first frame among the subsequent frames, the
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first fading factor and the second fading factor may, e.g., be determined depending on said
number of subsequent frames according to:

cum_ fading slow = cum_fading_slow * slow;
cum_ fading fast cum fading fast * fast;

I

wherein cum_fading slow on the right side of the formula is the first fading factor of the
previous frame (e.g., initialized with 1 at the first lost frame), wherein cum_fading_slow
on the left side of the formula is the first fading factor of the current frame, wherein
cum fading fast on the right side of the formula is the second fading factor of the
previous frame (e.g., initialized with 1 at the first lost frame), wherein cum fading fast
on the left side of the formula is the second fading factor of the current frame, wherein 1 >
slow > fast > 0.

According to an embodiment, 1 > slow > fast > 0.3.

in an embodiment, the decoding module 110 may, e.g., be configured to determine said
energy threshold, such that said energy threshold is equal to a first energy value, if said
number of subsequent frames is smaller than a third threshold value; such that said energy
threshold is smaller than said first energy value and is greater than a second energy value,
if said number of subsequent frames is greater than or equal to the third threshold value
and smaller than a fourth threshold value; and such that said energy threshold is equal to
said second energy value, if said number of subsequent frames is greater than the fourth
threshold value.

According to an embodiment, the decoding module 110 may, e.g., be configured to
determine the energy threshold, such that the energy threshold decreases linearly in the
range between the third threshold value and the fourth threshold value depending on the
number of subsequent frames.

For those spectral lines, which are not available or which shall not be used, replacements
are generated, whereas — depending on the tonality of the previously received signal, and,
if this information is available, depending on the tonality of the currently received signal, a
certain degree of tonality is preserved:

More tonality is preserved, if the indicator(s) indicate, that the last good signal was tonal.

Less tonality is preserved, if the indicator(s) indicate, that the last good signal was not tonal.
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Tonality is mainly represented by the relationships of the phases between various bins
within one frame and/or the relationships of the phases of the same bin for subsequent
frames.

Some embodiments focus on the first aspect, namely that tonality is mainly represented by
the relationships of the phases between various bins within one frame.

The phases of various bins within one frame are mainly characterized by their signs, but
also by the relationship of the amplitude of neighbored bins. Hence, the preservation of the
amplitude relationship as well as the preservation of the signs leads to a highly preserved
tonality. Vice versa, the more the amplitude and/or the sign relationship is altered between
subsequent bins, the less tonality is preserved.

Manipulation of the signs according to some of the embodiments is now described.

From the state of the art, two approaches are known:

According to a first approach, frame repetition is applied: The signs are preserved from the
previous spectrum.

In a second approach, noise substitution is conducted: The signs are scrambled relative to
the previous spectrum; randomly 50% of the signs are flipped.

For unvoiced signals, noise substitution provides good results.

For voiced signals, frame repetition could be used instead, but for longer losses, the
preserved tonality (which is preferred at the beginning of the loss) might become annoying.

Embodiments are based on the finding that for voiced signals a transition phase between
frame repetition and noise substitution is desirable.

According to some embodiments, this may, e.g., be achieved by randomly flipping a certain
percentage of the signs per frame, where this percentage lies between 0% and 50%, and

is increasing over time.

Now, manipulation of the amplitude according to some embodiments is described.
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The simplest way, being frequently used in the state of the art, is the application of a certain
attenuation factor to all frequency bins. This attenuation factor is increased from frame to
frame to achieve a smooth fade-out. The fade-out speed might be fix or may depend on
signal characteristics. With this approach, the relationship of the magnitude of neighbored
bins as well as the spectral shape of the whole frame is preserved.

Also known in the state of the art is a band wise attenuation using different attenuation
factors depending on the energy within each band. While this approach also preserves the
relationship of the magnitude of neighbored bins within each band, the spectral shape of
the whole frame is flattened.

According to some embodiments, bins with larger values are attenuated stronger than bins
with smaller values. For this, some embodiments may, e.g., define a non-linear attenuation
characteristic. This non-linear attenuation characteristic prevents overshoots, which might
otherwise occur, since no alias cancellation is assured during the overlap-add, and alters
the relationship of the magnitude of neighbored bins, which results in a flatter spectral
shape. In order to flatten the spectral shape. Some embodiments are based on the finding
that the ratio of the magnitude of neighbored bins should stay above one, if it was above
one beforehand: and that the ratio should stay below one, if it was below one beforehand.

In order to apply this attenuation gracefully, in some embodiments, the non-linear
characteristic may, e.g., be small at the beginning of the loss and may, e.g., than
subsequently be increased. In embodiments, its adjustment over time may, e.g., depend on
the tonality of the signal: According to some embodiments, for unvoiced signals, the non-
linearity may, e.g., be stronger than for voiced signals.

Such non-linear attenuation characteristic influences the spectral shape. In embodiments,
the spectrum may, e.g., get flatter over time, which reduces the chance of annoying
synthetic sound artefacts during burst losses.

In the following, partial frame loss concealment according to some embodiments is
described.

According to an embodiment, said error concealment mode may, e.g., be a partial frame
loss concealment mode, wherein, if the decoding module 110 is in the partial frame loss
concealment mode, the decoding module 110 may, e.g., be configured to reconstruct the
audio signal without conducting error concealment for one or more first spectral lines of the
plurality of spectral lines of the spectrum, which exhibit a frequency being smaller than or
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equal to the threshold frequency, wherein said one or more first spectral lines have been
encoded by a first group of one or more of the plurality of payload bits. Moreover, the
decoding module 110 may, e.g., be configured to reconstruct the audio signal by conducting
error concealment for one or more second spectral lines of the plurality of spectral lines of
the spectrum, which exhibit a frequency being greater than the threshold frequency, wherein
said one or more second spectral lines have been encoded by a second group of one or
more of the plurality of payload bits.

in an embodiment, the decoding module 110 may, e.g., be configured to detect whether or
not the current frame does not comprise any corrupted bits encoding said one or more first
spectral lines of the spectrum of the audio signal which exhibit a frequency being smaller
than or equal to the threshold frequency. Moreover, the decoding module 110 may, e.g., be
configured to detect whether or not the current frame comprises one or more corrupted bits
encoding said one or more second spectral lines of the spectrum of the audio signal which
exhibit a frequency being greater than the threshold frequency. Said one or more corrupted
bits are one or more of the payload bits that are distorted or that are likely to be distorted. If
the current frame does not comprise any corrupted bits encoding said one or more first
spectral lines of the spectrum of the audio signal which exhibit a frequency being smaller
than or equal to the threshold frequency and if the current frame comprises said one or
more corrupted bits encoding said one or more second spectral lines of the spectrum of the
audio signal which exhibit a frequency being greater than the threshold frequency, the
decoding module 110 may, e.g., be configured to conduct error concealment in the partial
frame loss concealment mode by conducting error concealment for said one or more
second spectral lines of the spectrum which are greater than the threshold frequency.

According to an embodiment, if the current frame does not comprise any corrupted bits
encoding said one or more first spectral lines of the spectrum of the audio signal which
exhibit a frequency being smaller than or equal to the threshold frequency and if the current
frame comprises said one or more corrupted bits encoding said one or more second spectral
lines of the spectrum of the audio signal which exhibit a frequency being greater than the
threshold frequency, the decoding module 110 may, e.g., be configured to reconstruct the
audio signal by decoding said first group of said one or more of the plurality of payload bits
which encode said one or more first spectral lines of the spectrum of the audio signal which
exhibit a frequency being smaller than or equal to the threshold frequency.

In an embodiment, the decoding module 110 may, e.g., be configured to detect whether the
current frame is lost, wherein, if the decoder 100 has detected that the current frame is lost,
the decoding module 110 may, e.g., be configured to reconstruct the audio signal by
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conducting error concealment for said one or more second spectral lines of the spectrum of
the audio signal which exhibit a frequency being greater than the threshold frequency.
Moreover, the decoding module 110 may, e.g., be configured to decode without conducting
error concealment for said first group, said first group of said one or more of the plurality of
payload bits which encode said one or more first spectral lines for said one or more first
frequencies of the spectrum of the audio signal being smaller than or equal to the threshold
frequency, wherein said first group of said one or more of the plurality of payload bits are
one or more payload bits of a redundant frame being different from the current frame.

In an embodiment, the redundant frame may, e.g., be a bandwidth limited version of the
current frame. For example, the redundant frame may, e.g., provide data (e.g., a reduced
data set compared to the current frame) that encodes the audio signal for a same time
period as the current frame. This data may, e.g., be different for the plurality of payload bits
which encodes the audio signal of said one or more first spectral lines for said one or more
first frequencies of the spectrum of the audio signal being smaller than or equal to the
threshold frequency as they are encoded with less bits than the current frame of said first
frequencies of the spectrum for the same time period of the current frame.

In an embodiment, if the decoding module 110 is configured to conduct error concealment
in a full frame loss concealment mode, the decoding module 110 is configured to conduct
error concealment for all spectral lines of the (whole) spectrum (as otherwise
reconstructable by all payload bits of the current bitstream payload of the current frame).

According to an embodiment, the plurality of payload bits is a plurality of current payload
bits. If the decoding module 110 is in the partial frame loss concealment mode, the decoding
module 110 may, e.g., be configured to conduct error concealment for said one or more
second spectral lines of the spectrum of the audio signal which exhibit a frequency being
greater than the threshold frequency, using one or more stored spectral lines which have
been encoded by one or more previous payload bits of the previous bitstream payload of
the previous frame.

in an embodiment, the spectrum may, e.g., be a current quantized spectrum. If the decoding
module 110 is conducting error concealment in the partial frame loss concealment mode,
the decoding module 110 may, e.g., be configured to conduct error concealment for said
one or more second spectral lines of the spectrum of the audio signal which exhibit a
frequency being greater than the threshold frequency, to obtain one or more intermediate
spectral lines of said current quantized spectrum.
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According to an embodiment, the spectrum is a current quantized spectrum. If the decoding
module 110 is conducting error concealment ih the partial frame loss concealment mode,
the decoding module 110 may, e.g., be configured to conduct error concealment for said
one or more second spectral lines of the spectrum of the audio signal which exhibit a
frequency being greater than the threshold frequency, to obtain one or more intermediate
spectral lines of said current quantized spectrum, wherein the decoding module 110 may,
e.g., be configured to rescale the one or more intermediate spectral lines using a rescaling
factor to reconstruct the audio signal.

In an embodiment, the decoding module 110 may, e.g., be configured to determine the
rescaling factor depending on at least one of

e a global gain being encoded within said current bitstream payload and
e a global gain being encoded within said previous bitstream payload, and

e an energy of a previous quantized spectrum of said previous frame, an energy of a
previous decoded spectrum of said previous frame, and

e an energy of said current quantized spectrum of said current frame.

According to an embodiment, the decoding module 110 may, e.g., be configured to
determine the rescaling factor depending on whether or not

o a mean energy of spectral bins of the previous decoded spectrum of the previous
frame starting from a first spectral bin that cannot be reconstructed without
conducting error concealment up to a top of the spectrum is greater than or equal to
a mean energy of spectral bins of the previous decoded spectrum of the previous
frame starting from zero up to said last spectral bin that can be reconstructed without
conducting error concealment, or

e an energy of spectral bins of said current quantized spectrum of the current frame
starting from zero up to said last spectral bin that can be reconstructed without
conducting error concealment is greater than or equal to an energy of spectral bins
of the previous quantized spectrum of the previous frame starting from zero up to
said last spectral bin that can be reconstructed without conducting error
concealment.



10

15

20

25

30

35

WO 2020/165265 16 PCT/EP2020/053620

In an embodiment,

e if the mean energy of the spectral bins of the previous decoded spectrum of the
previous frame starting from said first spectral bin that cannot be reconstructed
without conducting error concealment up to a top of the spectrum is smaller than the
mean energy of the spectral bins of the previous decoded spectrum of the previous
frame starting from zero up to said last spectral bin that can be reconstructed without
conducting error concealment, and

e if the energy of spectral bins of said current quantized spectrum of the current frame
starting from zero up to said last spectral bin that can be reconstructed without
conducting error concealment is smaller than the energy of the spectral bins of the
previous quantized spectrum of the previous frame starting from zero up to said last
spectral bin that can be reconstructed without conducting error concealment,

the decoding module 110 may, e.g., be configured to determine the rescaling factor
such that the rescaling factor is equal to the square root of the ratio of

o the energy of the spectral bins of the current quantized spectrum starting from zero
up to said last spectral bin that can be reconstructed without conducting error
concealment multiplied with the square of a gain factor of the current frame,

fo

o the energy of the spectral bins of the previous quantized spectrum starting from zero
up said last spectral bin that can be reconstructed without conducting error
concealment multiplied with the square of a gain factor of the previous frame.

According to an embodiment, the decoding module 110 may, e.g., be configured to
determine the rescaling factor, being a total rescaling factor, depends on a global gain
rescaling factor, wherein the decoding module 110 may, e.g., be configured to determine
the global gain rescaling factor according to

YGprev
ac = .
facqg g9

wherein gg indicates a global gain of the current frame, and wherein ggyr., indicates a
global gain of said previous frame, and wherein facgg is the global gain rescaling factor.
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In an embodiment,

if -—Zkbe—l prev(k)z ZIIZFk;e prev(k)z

i G0krer D K (K)? < 992 - Tyt Kq()?

the decoding module 110 may, e.g., be configured to determine that the total rescaling factor
is equal to the global gain rescaling factor, wherein k indicates a spectral bin, wherein k.

indicates a first spectral bin that could not be recovered, wherein Ny indicates a number of
spectral lines, wherein X ¢ (k) indicates the previous quantized spectrum of the previous

frame being a last non-full frame loss concealment frame, wherein X, (k) indicates the
current quantized spectrum of the current frame, wherein )?prev(k) indicates the previous
decoded spectrum of the previous frame being said last non-full frame loss concealment
frame.

According to an embodiment,

if ——z"be‘l Rprev()? >

Np—-1 2
kbezk =Kpe prev(k)

i g0er D% Koo ()2 > gg? B Xq(?

the decoding module 110 may, e.g., be configured to determine that the total rescaling
factor moreover depends on an energy rescaling factor

997 Ny Xq(k)*
facener =

ggprevz ’ Zk=o—1 q.lG(k)2

which may, e.g., be employed to form the total rescaling factor

}du’cm~1 (ka
fac = facgg ' faCener = \j ibgnwl qm(k)z .

wherein facene, indicates the energy rescaling factor, wherein k indicates a spectral bin,
wherein k., indicates a first spectral bin that could not be recovered, wherein N indicates
a number of spectral lines, wherein Xq 1o (k) indicates the previous quantized spectrum of
the previous frame being a last non-full frame loss concealment frame, wherein X (f)
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indicates the current quantized spectrum of the current frame, wherein )?prev(k) indicates

the previous decoded spectrum of the previous frame being said last non-full frame loss
concealment frame.

In a scenario, where partial frame loss concealment is applied, it is assumed or it has been
determined that the more sensitive bits of the bitstream payload were error-free.

In embodiments, the quantized spectrum }?;(k) of the current frame may, e.g., be restored

up to a certain frequency bin, here referred to as frequency bin k. — 1. Partial frame loss
concealment thus just conceals the quantized spectral lines above this frequency.

When conducting partial frame loss concealment according to some embodiments, the
spectral lines of the quantized spectrum of the last non-FFLC frame m(k) may, e.g., be

reused (FFLC = full frame loss concealment).

To prevent high-energy artefacts in transition frames changing in energy, the concealed
spectral lines are subsequently rescaled, whereas the resulting rescaling factor may, e.g.,
depend on at least one of

a) global gains;
b) energies of the spectra,

Preferably, the resulting rescaling factor may, e.g., depend on both global gains and
energies of the spectra.

The rescaling factor based on the global gains equals the ratio of the previous global gain
to the current global gain.

The rescaling factor based on the energies is initialized with 1 (e.g., no rescaling is
conducted/e.g., rescaling has no effect):

¢ If the mean energy of the spectral bins of the previous decoded spectrum starting from
the frequency bin k,. (a first spectral bin that cannot be reconstructed without
conducting error concealment) up to the top of the spectrum is larger or equal than the
mean energy of the spectral bins of the previous decoded spectrum starting from zero
up to the frequency bin k,, — 1 (a last spectral bin that can be reconstructed without
conducting error concealment); or
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o |f the energy of the spectral bins of the current quantized spectrum starting from zero
up to the frequency bin k. — 1 is larger than or equal to the energy of the spectral bins
of the previous quantized spectrum starting from zero up to the frequency bin kp, — 1.

Otherwise, the rescaling factor equals the square root of the ratio of

e The energy of the spectral bins of the current quantized spectrum starting from zero up
to the frequency bin k. — 1 multiplied with the square of the gain factor of the current frame;
to

e the energy of the spectral bins of the previous quantized spectrum starting from zero up
to the frequency bin k., — 1 multiplied with the square of the gain factor of the previous
frame.

When multiplying both factors in this case, the gain factors cancel each other out. Thus, the
rescaling factor subsequently equals the square root of the ratio of

e The energy of the spectral bins of the current quantized spectrum starting from zero up
to the frequency bin k. — 1, to

e the energy of the spectral bins of the previous quantized spectrum starting from zero up
to the frequency bin kp, — 1.

After that, the concealed quantized spectrum may, e.g., be handled as an error-free
quantized spectrum. This means the subsequent decoder operations like noise filling, noise
shaping or any other operations whose parameters are stored in the error-free bitstream
payload may, e.g., be applied afterwards. Thus, possible concealing artefacts are mitigated.

Subsequently, a similar fading process as described above may, for example, be applied
on the spectrum starting from the frequency bin k. up to the top of the spectrum, for
example, a possibly available tonal character may, e.g., be faded towards noise; and/or, for
example, a possibly pronounced spectral shape may, e.g., be flattened; and/or the energy
may, e.g., be decreased.

In the following, embodiments are described in detail.
Fig. 2 illustrates a decoding module 110 according to particular embodiments.

The decoding module 110 of Fig. 2 comprises a decoded spectrum storage module 330,
and, optionally, a quantized spectrum storage module 310, a partial frame repetition &
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rescaling module 320 and a fade-out and sign scrambling module 340. Particular details of
these (sub)modules of the specific decoding module 110 of Fig. 2 are described with
reference to Fig. 3 - Fig. 5.

Fig. 3 — Fig. 5 provide high-level overview of the LC3 decoder (exemplarily used as state-
of-the-art transform coder that is modified in inventive ways) according to embodiments. In
particular, Fig. 3 — Fig. 5 provide different kinds of specific embodiments for a decoding
module 110.

In an embodiment, the decoding module 110 may, e.g., comprise a quantized spectrum
storage module 310 configured for storing a quantized spectrum of the audio signal, wherein
the quantized spectrum storage module 310 is configured to provide a last non-full frame
loss concealment quantized spectrum. Moreover, the decoding module 110 may, e.g,
comprise a decoded spectrum storage module 330 configured for storing a decoded
spectrum of the audio signal, wherein the decoded spectrum storage module 330 is
configured to provide a last non-full frame loss concealment decoded spectrum.

Fig. 3 illustrates a decoding module 110 overview according to an embodiment for clean
channel decoding. In particular, Fig. 3 shows the normal decoder operation. The processing
blocks required for the full frame loss concealment as well as for the partial frame loss
concealment are processing blocks 310 and 330.

The quantized spectrum storage module 310 may, e.g., be configured for the storage of the
quantized spectrum: The quantized spectrum storage module 310 stores the last non-FFLC
quantized spectrum to allow its re-usage in the case of partial frame loss concealment.

The decoded spectrum storage module 330 is configured for the storage of the spectrum
(e.g., referred to as the decoded spectrum): This processing block stores the last non-FFLC
spectrum to allow its re-usage in the case of full frame loss concealment. It may, e.g., also
be used for the rescaling during the partial frame loss concealment.

In an embodiment, the decoding module 110 may, e.g., comprise a decoded spectrum
storage module 330 configured for storing a decoded spectrum of the audio signal, wherein
the decoded spectrum storage module 330 is configured to provide a last non-full frame
loss concealment decoded spectrum. Moreover, the decoding module 110 may, e.g.,
comprise a fade-out and sign scrambling module 340 being configured for fade-out and sign
scrambling on spectral lines of the spectrum.
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In addition, according to an embodiment, the decoding module 110 may, e.g., comprise a
quantized spectrum storage module 310 configured for storing a quantized spectrum of the
audio signal, wherein the quantized spectrum storage module 310 is configured to provide
a last non-full frame loss concealment quantized spectrum. Furthermore, the decoding
module 110 may, e.g., be comprise a partial frame repetition & rescaling module 320
configured for partial frame repetition and rescaling, wherein the partial frame repetition &
rescaling module 320 is configured to complement the spectrum by adding spectral lines,
which could not be decoded by the decoding module 110, wherein the partial frame
repetition & rescaling module 320 is configured to re-scale said spectral lines.

Fig. 4 illustrates a decoding module 110 overview according to an embodiment for full frame
loss concealment. In particular, Fig. 4 depicts an embodiment configured for conducting full
frame loss concealment. The processing blocks required for the full frame loss concealment
are processing blocks 330 and 340. Processing blocks 330 and 340 may, e.g., have the
following tasks.

The decoded spectrum storage module 330 may, e.g., be configured for the storage of the
spectrum (e.g., again referred to as the decoded spectrum). This processing block 330
provides the last non-FFLC spectrum.

The fade-out and sign scrambling module 340 may, e.g., be configured for fade-out and
sign scrambling: This processing block is configured to create the spectrum by processing
the spectral lines of the last non-FFLC frame, as described below.

Fig. 5 illustrates a decoding module 110 overview according to an embodiment for partial
frame loss concealment.

In particular, Fig. 5 shows the application of partial frame loss concealment. The processing
blocks required for the partial frame loss concealment are processing blocks 310, 320, 330
and 340. These processing blocks 310, 320, 330 and 340 have the following tasks:

The quantized spectrum storage module 310 may, e.g., be configured for the storage of the
quantized spectrum: The quantized spectrum storage module 310 may, e.g., be configured
to provide the last non-FFLC quantized spectrum.

The partial frame repetition & rescaling module 320 may, e.g., be configured for partial
frame repetition and rescaling: This processing block may, e.g., be configured to
complement the spectrum by adding those spectral lines, which could not be decoded.
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Afterwards, those spectral lines may, e.g., be re-scaled and values below a certain
threshold are quantized to zero, as explained below.

The decoded spectrum storage module 330 may, e.g., be configured for the storage of the
spectrum (e.g., again referred to as the decoded spectrum): The decoded spectrum storage
module 330 may, e.g., be configured to provide the last non-FFLC spectrum, which may,
e.g., be used for computing the rescaling factor.

The fade-out and sign scrambling module 340 may, e.g., be configured for fade-out and
sign scrambling: The fade-out and sign scrambling module 340 may, e.g., be configured to
process the spectral lines, which were previously provided by the partial frame loss
concealment. It is explained below.

In the following, error concealment depending on tonality according to some embodiments
is described in more detail.

At first, a fading function according to some embodiments is provided.

For the fading processes implemented for the sign scrambling and the non-linear
attenuation as described below, a function depending on the number of subsequently lost
frames (nbLostFramesinRow) may, e.g., be employed, that is one (1) up to a certain value
(plc_start_inFrames), that is zero (0) from a certain value (plc_end_inFrames); and that
decreases linearly between one and zero (1 > x > 0) between plc_start_inFrames and
plc_end_inFrames.

A particular embodiment may, e.g., be implemented as follows:

plc duration_inFrames = plc_end inFrames - plc start_inFrames;

X s max (plc_start_inFrames, (min (nbLostFramesInRow,
plc_end_inFrames) V)

m -1 / ple duration_inFrames;

b -~ plc _end inFrames;

I

linFuncStartStop = m * (x + b};

where:

plc start inFrames o number of subsequently lost frames, up to which the
value of linFuncStartStop equals 1
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plc end inFrames - number of subsequently lost frames, from which the
value of linFuncStartStop equals 0
linFuncStartStop - value of fading function

The start value and the end value might be chosen differently depending on the signal
characteristic (e.g. voiced vs. unvoiced) and depending on the frame loss concealment (e.g.
PFLC vs. FFLC) (PFLC = partial frame loss concealment; FFLC = full frame loss
concealment).

Fig. 6 illustrates a fading function according to an embodiment which depends on a
number of lost frames in a row (a number of subsequently lost frames).

In particular, Fig. 6 provides an example of this fading function, which is configured to
decrease linearly between 20ms and 60ms.

In the following, manipulation of signs according to some embodiments is described in more
detail.

As a prerequisite, a threshold for sign scrambling may, e.g., be determined based on the
fading value (LinFuncStartStop) as derived above.

randThreshold = -32768 * linFuncStartsStop;

Fig. 7 illustrates a threshold for sign scrambling according to an embodiment, which
depends on a number of lost frames in a row (a number of subsequently lost frames) and
which further depends on a frame length.

In particular, Fig. 7 provides an example for a threshold which depends on a number of
consecutively lost frames using the fading function, where a threshold of O corresponds to

50% sign flipping, whereas a threshold of -32768 corresponds to 0% sign flipping.

An embodiment may, e.g., be realized by the following pseudo code:
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for k=kpe.. Ng—1
seed = 16831l+seed*12821;
seed = seed-round(seed*2"~-16)*2°16;
1f seed==32768
seed=-32768;

end
if {seed < 0 && pitch present == 0) || seed < randThreshold
spec (k) = -spec prev(k);
else
spec (k) = spec prev(k};
end
end
where:
k —~ spectral bin
Kpe — first spectral bin which could not be recovered
Ng - number of spectral lines
seed — random value with the exemplary initial value of 24607
pitch present — information, whether the signal in the current frame is tonal
spec_prev (k) — spectral value of bin k in last good frame (also referred to as
Xprev(K))
spec (k) — spectral value of bin k in current frame.

In this example, the seed (i.e. the random value) varies between 32768 and -32768. For
unvoiced signals (pitch_present == 0), the threshold for the sign inversion is zero, which
leads to a 50% probability. For voiced signals, a variable threshold (randThreshold) is
applied, which lies between -32768 (0 % probability of sign inversion) and zero (50%
probability of sign inversion).

In the following, a manipulation of the amplitude according to some embodiments is
described in more detail.

In a particular embodiment, two attenuation factors may, e.g., be defined depending on a
stability measure, for example, as follows:

slow = 0.
0.

2 * gstabFac:
fast 2

8 + 0.
3+ 0. * stabFac;

it
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wherein stabFac indicates a stability value between the last and second last frame in
FFLC case or current and last frame in PFLC case.

The stability factor may, for example, represent a similarity between two signals, for
example, between the current signal and a past signal. For example, the stability factor may,
e.g., be bounded by [0:1]. A stability factor close to 1 or 1 may, e.g., mean that both signals
are very similar and a stability factor close to 0 or 0 may, e.g., mean that both signals are
very different. The similarity may, for example, be calculated on the spectral envelopes of
two audio signals.

The stability factor 8 may, for example, be calculated as:

N-=1
1 2
g =125- 5 kz=0 (SCchurr(k) - SCprrev(k))

wherein:

scf Qeurr indicates a scalefactor vector of the current frame, and

scfQprev indicates a scalefactor vector of the previous frame

N indicates the number of scalefactors within the scalefactor vectors
6 indicates a stability factor, which is bounded by 0 < 8 <1

ke indicates an index for a scalefactor vector

In some embodiments, stabFac may, for example, be used differently for FFLC and for
PFLC: i.e. it could be set a value between 0 and 1 depending on the stability for FFLC,
whereas it could be set to 1 for PFLC.

Subsequently, corresponding cumulative attenuation factors (cum_fading_slow and
cum_fading_fast, initialized with 1 at the beginning of each burst loss) may, for example, be
derived, which may, e.g., change from frame to frame, for example, as follows:

cum_fading slow = cum_fading slow * slow;
cum_fading fast = cum_fading_ fast * fast;

wherein: cum fading slow indicates a slow cumulative damping factor; and wherein
cum_fading fast indicates a fast cumulative damping factor.

In an embodiment, the accumulation may, e.g., be done just for FFLC, but not for PFLC.
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Furthermore, according to an embodiment, values for a first threshold (ad_ThreshFac_start)
and a last threshold (ad_ThreshFac_end) may, e.g., be defined. In some embodiments,
these values may, e.g., be chosen heuristically. Usually, both values may, e.g., be larger
than one (1), and the first threshold is larger than the last threshold. Based on those two
threshold limits, the threshold for the current frame (ad_threshFac) may, e.g., be determined
based on the fading value (linFuncStartStop) as derived above:

ad ThreshFac_start = 10;
ad _ThreshFac_end = 1.2;
ad_threshFac = (ad_ThreshFac_start - ad_ThreshFac_end) *

linFuncStartStop + ad ThreshFac_end;

wherein ad_ThreshFac_start indicates a first factor to mean energy, above which a
stronger attenuation is applied; and wherein ad_ThreshFac_stop indicates a last factor

to mean energy, above which a stronger attenuation is applied.

The threshold adjustment could be done just for FFLC, but not for PFLC. In this case, the
threshold would be fix for subsequent frames.

Fig. 8 illustrates an energy threshold factor according to an embodiment, which depends on
a number of lost frames in a row and which further depends on a frame length.

In particular, Fig. 8 provides an example for a threshold factor depending on the number of
consecutively lost frames using the fading function, wherein the threshold factor decreases
from 10 to 1.2 between 20 ms and 60 ms.

In a particular embodiment, the adaptive fading is operating on a bin granularity. it could
be realized as follows:

frame energy = mean(spec(kpe.. Np—1).72);
energThreshold = ad threshFac * frame_energy;

for kzkbe.. NF""l
if (spec(k)”*2) < energThreshold
m = cum_fading_ slow;
n = 0;
else
m = cum_fading fast;
n = (cum fading slow-cum_fading fast)
* sqgrt(energThreshold)
* sign(spec_prev(k));
end

spec(k) = m * spec_prev(k) + n;
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end
where:
k — spectral bin
kpe - first spectral bin which could not be recovered
Ng — number of spectral lines
spec_previk) — spectral value of bin k in last good frame (below referred to as
Rpren(K))
spec(k) — spectral value of bin k in current frame.

The derivation of n in the else path makes sure, that the attenuation curve keeps larger
values larger, and smaller values smaller.

Fig. 9 depicts an example where cumulative damping is applied. Possible input values in
the example are between 0 and 1000. n=0 refers to a received frame and provides some
sort of reference. In the example, the initial slow attenuation factor is set to 0.9, and the
initial fast attenuation factor is set to 0.4 (stabFac=0.5). In the second frame, the squares of
those values are used, and so on, which makes subsequent curves flatter. At the same
time, the threshold may, e.g., be reduced, which moves the twist of the successive curves
further to the left.

In another particular embodiment, the adaptive fading is operating band wise. In that
example, band wise energies are derived, and an adaptive damping is just applied to bins
in bands, which are above the mean over all bands. In those cases, the energy of that band
may, e.g., be used as threshold for bin wise adaptive damping. An exemplary
implementation may, for example, be realized as follows:

bin energy per_band = zeros (ceil ((Np —kpe )/8),1):

idx = 1;
for k=kb6182 { Np"7)
bin_energywperwband(idx) = mean (spec{k:k+7).%2);

idx = idx + 1;
end
energThreshold = ad threshFac * mean (bin energy per_band);
idx = 1;
for k=kpe:8: (Ng-7)
if bin energy_per_band(idx) < energThreshold
m = cum_fading_slow;
spec(k:k+7) =m * spec_prev(k:ik+7);
else
for d=k:k+7
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if (spec(j)”2) < bin_energy per band(idx)

m = cum_fading_slow;
n = 0;
else
m = cum_fading_ fast;
n = (cum_fadinguslow~cumﬂfading_fast} *
sqrt (energThreshold) * sign(spec_prev(j));
end
spec(j) = m * spec prev(j) + n;
end
end
idx = idx + 1;
end
wherein:
k, 7 - spectral bin
kpe - first spectral bin which could not be recovered
Ng - number of spectral lines
spec prev (k) - spectral value of bin k in last good frame (below
referred to as Xy, (k)
spec (k) - spectral value of bin k in current frame
idx - band index
bin energy per band - bin energy per band

The storage of the spectral lines during a received frame as well as the insertion of the
spectral lines during a (partially or fully) lost frame may, in general, be performed at any
place between the decoding of the spectrum based on the information provided in the
bitstream and the transformation back into the time domain. Referring to LC3, it may
especially be performed, e.g., before or after SNS decoding (SNS = Spectral Noise
Shaping), e.g., before or after TNS decoding (TNS = Temporal Noise Shaping), e.g., before
or after the application of the global gain, and/or, e.g., before or after the noise filling.

The selection of the preferred location may also vary depending on the availability of
additional information for the partially or fully lost frame. It may, e.g., be performed at the
beginning of the signal processing in the case of a partially lost frame (partial frame loss
concealment); since in this case the parameters for the subsequent signal processing steps
are available. It may, e.g., be performed at a later stage in the case of a fully lost frame (full
frame loss concealment), since in this case no parameters of the subseguent signal
processing steps are available. It may, however, e.g., still be performed before the SNS
decoding, since this step allows a dedicated spectral shaping.
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In the following, partial frame loss concealment according to some embodiments is
described in more detail.

A particular implementation for partial frame loss concealment may, e.g., first apply the
rescaling factor and then may, e.g., quantize spectral bins below a certain threshold to zero.
This is shown in the following example pseudo code:

for k=kp,.. Np—1
Xq() = Xqu6(k) - fac:
if [Xg(k) | < threshold

X,(k) = 0;
wherein:
k - spectral bin
Ng - number of spectral lines
kpe — first spectral bin which could not be recovered
)'{; (k) — quantized spectral line k of the current frame
Xq6 k) — quantized spectral line k of the last non-FFLC frame
fac ~ rescaling factor
threshold — threshold value with the exemplary value of 0.625 to quantize to

Zero.

The rescaling factor depending on the global gains facg, is derived as the ratio between

current and the past global gain:

The rescaling factor depending on the energies facener 18 initialized with 1. If the following

conditions are met

1 Kpe—1 2 1 Np—-1 ¢ 2
1. k—b-ezk:o prev(k) >NF_kbeZk=kbeXprev(k)

kpe—1 g Kpe—1 5~
2. ggz%rev ’ Ekio 1Xq,lG (k)% > 992 'Zkl;o 1Xq(k)2,

this rescaling factor is set to the root of the ratio between the current and the past quantized
spectrum multiplied with the square of their corresponding global gains:
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997 T X (k)?
facener = z. kbe—l 5
ggprev Z q,lG (k)

The total rescaling factor is derived as
fac = facgg - facener:

When fac...r # 1, this leads to (the global gain values cancel each other out):

fac = 99orer. J R A J e Xy ()

99 | GGprev® - T2 Xqio(k)? Kbt T (k)2

The variables in the above equations have the following meaning:

k - spectral bin

kpe — first spectral bin that could not be recovered

Ng — number of spectral lines

m(k) - quantized spectrum of last non-FFLC frame

)”{; &) — quantized spectrum of the current frame

}?pre,,(k) - decoded spectrum of the last non-FFLC frame

g9 ~ global gain of the current frame (if the quantized spectrum coded

in the bitstream is rescaled with a global gain)
99prev ~ global gain of the last non-FFLC frame (if the quantized

spectrum coded in the bitstream is rescaled with a global gain).

The following example pseudo code shows the determination of the rescaling factor

according to an exemplary implementation:

C = 99prev/99:
mean nrg high = mean(X}mm(kbe:Nﬁ-*l).A2);
mean nrg_ low = mean(fmwv(O:kbe—l).AZ);
if (mean nrg low > mean_nrg_high)
sum(XZ}E(O:kbe-l)-AZ);
sum (X5 (0: Kpe=1) . "2) ;

ener_prev

ener curr
1f ener prev*ggprev”2 > ener curr*gg”2

fac = sqrt(ener curr/ener_prev);
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wherein:

fac -~ rescaling factor

a9 — global gain of the current frame (if the quantized spectrum coded
in the bitstream is rescaled with a global gain)

9Y9prev — global gain of the last non-FFLC frame (if the quantized
spectrum coded in the bitstream is rescaled with a global gain)

kpe — first spectral bin which could not be recovered

Ng - number of spectral lines

)?pre,, —~ decoded spectrum of the last non-FFLC frame

)’(;,TG(k) — quantized spectrum of the last non-FFLC frame

}?; (k) — quantized spectrum of the current frame

sqrt — sguare root function.

Although some aspects have been described in the context of an apparatus, it is clear that
these aspects also represent a description of the corresponding method, where a block or
device corresponds to a method step or a feature of a method step. Analogously, aspects
described in the context of a method step also represent a description of a corresponding
block or item or feature of a corresponding apparatus. Some or all of the method steps may
be executed by (or using) a hardware apparatus, like for example, a microprocessor, a
programmable computer or an electronic circuit. In some embodiments, one or more of the
most important method steps may be executed by such an apparatus.

Depending on certain implementation requirements, embodiments of the invention can be
implemented in hardware or in software or at least partially in hardware or at least partially
in software. The implementation can be performed using a digital storage medium, for
example a floppy disk, a DVD, a Blu-Ray, a CD, a ROM, a PROM, an EPROM, an EEPROM
or a FLASH memory, having electronically readable control signals stored thereon, which
cooperate (or are capable of cooperating) with a programmable computer system such that
the respective method is performed. Therefore, the digital storage medium may be
computer readable.

Some embodiments according to the invention comprise a data carrier having electronically
readable control signals, which are capable of cooperating with a programmable computer
system, such that one of the methods described herein is performed.
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Generally, embodiments of the present invention can be implemented as a computer
program product with a program code, the program code being operative for performing
one of the methods when the computer program product runs on a computer. The program
code may for example be stored on a machine readable carrier.

Other embodiments comprise the computer program for performing one of the methods
described herein, stored on a machine readable carrier.

In other words, an embodiment of the inventive method is, therefore, a computer program
having a program code for performing one of the methods described herein, when the
computer program runs on a computer. ‘

A further embodiment of the inventive methods is, therefore, a data carrier (or a digital
storage medium, or a computer-readable medium) comprising, recorded thereon, the
computer program for performing one of the methods described herein. The data carrier,
the digital storage medium or the recorded medium are typically tangible and/or non-
transitory.

A further embodiment of the inventive method is, therefore, a data stream or a sequence of
signals representing the computer program for performing one of the methods described
herein. The data stream or the sequence of signals may for example be configured to be
transferred via a data communication connection, for example via the Internet.

A further embodiment comprises a processing means, for example a computer, or a
programmable logic device, configured to or adapted to perform one of the methods
described herein.

A further embodiment comprises a computer having installed thereon the computer program
for performing one of the methods described herein.

A further embodiment according to the invention comprises an apparatus or a system
configured to transfer (for example, electronically or optically) a computer program for
performing one of the methods described herein to a receiver. The receiver may, for
example, be a computer, a mobile device, a memory device or the like. The apparatus or
system may, for example, comprise a file server for transferring the computer program to
the receiver.
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In some embodiments, a programmable logic device (for example a field programmable
gate array) may be used to perform some or all of the functionalities of the methods
described herein. In some embodiments, a field programmable gate array may cooperate
with a microprocessor in order to perform one of the methods described herein. Generally,
the methods are preferably performed by any hardware apparatus.

The apparatus described herein may be implemented using a hardware apparatus, or using
a computer, or using a combination of a hardware apparatus and a computer.

The methods described herein may be performed using a hardware apparatus, or using a
computer, or using a combination of a hardware apparatus and a computer.

The above described embodiments are merely illustrative for the principles of the present
invention. It is understood that modifications and variations of the arrangements and the
details described herein will be apparent to others skilled in the art. It is the intent, therefore,
to be limited only by the scope of the impending patent claims and not by the specific details
presented by way of description and explanation of the embodiments herein.
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Claims

A decoder for decoding a current frame to reconstruct an audio signal, wherein the
audio signal is encoded within the current frame, wherein the current frame
comprises a current bitstream payload, wherein the current bitstream payload
comprises a plurality of payload bits, wherein the plurality of payload bits encodes a
plurality of spectral lines of a spectrum of the audio signal, wherein each of the
payload bits exhibits a position within the current bitstream payload,

wherein the decoder comprises

a decoding module configured to reconstruct the audio signal, and

an output interface configured to output the audio signal,

wherein the decoding module comprises a partial frame loss concealment mode,
wherein, if the decoding module is in the partial frame loss concealment mode, the
decoding module is configured

to reconstruct the audio signal without conducting error concealment for one
or more first spectral lines of the plurality of spectral lines of the spectrum,
which exhibit a frequency being smaller than or equal to a threshold
frequency, wherein said one or more first spectral lines have been encoded
by a first group of one or more of the plurality of payload bits, and

to reconstruct the audio signal by conducting error concealment for one or
more second spectral lines of the plurality of spectral lines of the spectrum,
which exhibit a frequency being greater than the threshold frequency,
wherein said one or more second spectral lines have been encoded by a
second group of one or more of the plurality of payload bits.

A decoder according to claim 1,

wherein the decoding module is configured to detect whether or not the current
frame does not comprise any corrupted bits encoding said one or more first spectral
lines of the spectrum of the audio signal which exhibit a frequency being smaller
than or equal to the threshold frequency,
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wherein the decoding module is configured to detect whether or not the current
frame comprises one or more corrupted bits encoding said one or more second
spectral lines of the spectrum of the audio signal which exhibit a frequency being
greater than the threshold frequency,

wherein said one or more corrupted bits are one or more of the payload bits that are
distorted or that are likely to be distorted, and

wherein, if the current frame does not comprise any corrupted bits encoding said
one or more first spectral lines of the spectrum of the audio signal which exhibit a
frequency being smaller than or equal to the threshold frequency and if the current
frame comprises said one or more corrupted bits encoding said one or more second
spectral lines of the spectrum of the audio signal which exhibit a frequency being
greater than the threshold frequency, the decoding module is configured to conduct
error concealment in the partial frame loss concealment mode by conducting error
concealment for said one or more second spectral lines of the spectrum which are
greater than the threshold frequency.

A decoder according to claim 2,

wherein, if the current frame does not comprise any corrupted bits encoding said
one or more first spectral lines of the spectrum of the audio signal which exhibit a
frequency being smaller than or equal to the threshold frequency and if the current
frame comprises said one or more corrupted bits encoding said one or more second
spectral lines of the spectrum of the audio signal which exhibit a frequency being
greater than the threshold frequency, the decoding module is configured to
reconstruct the audio signal by decoding said first group of said one or more of the
plurality of payload bits which encode said one or more first spectral lines of the
spectrum of the audio signal which exhibit a frequency being smaller than or equal
to the threshold frequency.

A decoder according to one of claims 1 to 3,

wherein the decoding module is configured to detect whether the current frame is
lost,

wherein, if the decoder has detected that the current frame is lost, the decoding
module is configured to reconstruct the audio signal
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by conducting error concealment for said one or more second spectral lines
of the spectrum of the audio signal which exhibit a frequency being greater
than the threshold frequency, and

by decoding without conducting error concealment, said first group of said
one or more of the plurality of payload bits which encode said one or more
first spectral lines for said one or more first frequencies of the spectrum of
the audio signal being smaller than or equal to the threshold frequency,
wherein said first group of said one or more of the plurality of payload bits
are one or more payload bits of a redundant frame being different from the
current frame.

A decoder according to one of claims 1 to 4,

wherein, if the decoding module is configured to conduct error concealment in a full
frame loss concealment mode, the decoding module is configured to conduct error
concealment for all spectral lines of the spectrum.

A decoder according to claim 5,

wherein the plurality of payload bits is a plurality of current payload bits,

wherein, if the decoding module is in the partial frame loss concealment mode, the
decoding module is configured to conduct error concealment for said one or more
second spectral lines of the spectrum of the audio signal which exhibit a frequency
being greater than the threshold frequency, using one or more stored spectral lines
which have been encoded by one or more previous payload bits of the previous
bitstream payload of the previous frame.

A decoder according to claim 6,

wherein the spectrum is a current quantized spectrum,

wherein, if the decoding module is conducting error concealment in the partial frame
loss concealment mode, the decoding module is configured to conduct error

concealment for said one or more second spectral lines of the spectrum of the audio
signal which exhibit a frequency being greater than the threshold frequency, to
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obtain one or more intermediate spectral lines of said current quantized spectrum,
wherein the decoding module is configured to rescale the one or more intermediate
spectral lines using a rescaling factor to reconstruct the audio signal.

A decoder according to claim 7,

wherein the decoding module is configured to determine the rescaling factor
depending on at least one of

a global gain being encoded within said current bitstream payload and

a global gain being encoded within said previous bitstream payload, and

an energy of a previous quantized spectrum of said previous frame, an
energy of a previous decoded spectrum of said previous frame, and

an energy of said current quantized spectrum of said current frame.

A decoder according to one of claim 7 or 8,

wherein the decoding module is configured to determine the rescaling factor
depending on whether or not

a mean energy of spectral bins of the previous decoded spectrum of the
previous frame starting from a first spectral bin that cannot be reconstructed
without conducting error concealment up to a top of the spectrum is greater
than or equal to a mean energy of spectral bins of the previous decoded
spectrum of the previous frame starting from zero up to said last spectral bin
that can be reconstructed without conducting error concealment, or

an energy of spectral bins of said current quantized spectrum of the current
frame starting from zero up to said last spectral bin that can be reconstructed
without conducting error concealment is greater than or equal to an energy
of spectral bins of the previous quantized spectrum of the previous frame
starting from zero up to said last spectral bin that can be reconstructed
without conducting error concealment.

A decoder according to claim 9,
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wherein,

if the mean energy of the spectral bins of the previous decoded spectrum of
the previous frame starting from said first spectral bin that cannot be
reconstructed without conducting error concealment up to a top of the
spectrum is smaller than the mean energy of the spectral bins of the previous
decoded spectrum of the previous frame starting from zero up to said last
spectral bin that can be reconstructed without conducting error concealment,
and

if the energy of spectral bins of said current quantized spectrum of the current
frame starting from zero up to said last spectral bin that can be reconstructed
without conducting error concealment is smaller than the energy of the
spectral bins of the previous quantized spectrum of the previous frame
starting from zero up to said last spectral bin that can be reconstructed
without conducting error concealment,

the decoding module is configured to determine the rescaling factor such that the

rescaling factor is equal to the square root of the ratio of

to

the energy of the spectral bins of the current quantized spectrum starting
from zero up to said last spectral bin that can be reconstructed without
conducting error concealment multiplied with the square of a gain factor of
the current frame,

the energy of the spectral bins of the previous quantized spectrum starting
from zero up said last spectral bin that can be reconstructed without
conducting error concealment multiplied with the square of a gain factor of
the previous frame.

A decoder according to one of claims 8 to 10,

wherein the decoding module is configured to determine the rescaling factor, being

a total rescaling factor, depends on a global gain rescaling factor,
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wherein the decoding module is configured to determine the global gain rescaling
factor according to

ggprev
ac ,
facgg = 99

wherein gg indicates said global gain being encoded within said current bitstream
payload, and

wherein gg,,., indicates said global gain being encoded within said previous
bitstream payload, and

wherein fac,, is the global gain rescaling factor.

A decoder according to claim 11,

wherein,

. 1 k —1
if _e kbeo prev (k)z

Np—1
= N, Xpren ()2

Nr—Kpe
it GG%rer XN Kia(k)? < gg? - Tite X (k)%

the decoding module is configured to determine that the total rescaling factor is
equal to the global gain rescaling factor,

wherein k indicates a spectral bin, wherein k,,, indicates a first spectral bin that could
not be recovered, wherein Ny indicates a number of spectral lines, wherein X, (k)

indicates the previous quantized spectrum of the previous frame being a last non-
full frame loss concealment frame, wherein )’(;(k) indicates the current quantized

spectrum of the current frame, wherein )?prev(k) indicates the previous decoded

spectrum of the previous frame being said last non-full frame loss concealment
frame.

A decoder according to one of claim 11 or 12,

wherein,

if —z"bfl Rpren (k)2 > ML Rpren(K)?
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it GG%rer XN Kaia(k)? > gg? - Tite X (k)%

the decoding module is configured to determine that the total rescaling factor
moreover depends on an energy rescaling factor

99*- z"be‘lx (k)*
ggprevz ’ Zkzo q,lG(k)2

f ACener =

wherein fac,,., indicates the energy rescaling factor,

wherein k indicates a spectral bin, wherein k;,, indicates a first spectral bin that could
not be recovered, wherein Ny indicates a number of spectral lines, wherein X, (k)

indicates the previous quantized spectrum of the previous frame being a last non-
full frame loss concealment frame, wherein )’(;(k) indicates the current quantized

spectrum of the current frame, wherein X,,., (k) indicates the previous decoded
spectrum of the previous frame being said last non-full frame loss concealment
frame.

A decoder according to claim 13,

wherein,

if _Zkbe ! prev(k)z ZIIXFkble prev(k)z

Np—Kpe
it 99%er 202 X ()2 > gg? - it Xy (k)?

the decoding module is configured to determine the total rescaling factor fac
according to

fac = facgg ‘facener

or according to

f kbe—1X (k)z
ac =
’,?:’0 X6 (k)?
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or according to

Kpe—1 v
_ Y99prev . ggz ' Zkio Xq(k)z
= T p—
99 ggprevz ' kl;o 1Xq,lG(k)2

fac

A decoder according to one of claims 1 to 14,

wherein, if error concealment is conducted by the decoding module, the decoding
module is configured to reconstruct a current spectrum of the audio signal by
conducting error concealment using a plurality of signs of a previous spectrum of the
audio signal, said plurality of signs being encoded within the previous frame, wherein
the decoding module is configured to conduct error concealment in a way that
depends on whether or not said previous frame encodes a signal component which
is tonal or harmonic.

A decoder according to claim 15,

wherein said previous frame is a last received frame, which has been decoded by
the decoding module without conducting error concealment, or

wherein said previous frame is a last received frame, which has been decoded by
the decoding module without conducting error concealment in a full frame loss
concealment mode, or

wherein said previous frame is a last received frame, which has been decoded by
the decoding module without conducting error concealment in a partial frame loss
concealment mode or in a full frame loss concealment mode.

A decoder according to one of claim 15 or 16,

wherein, if error concealment is conducted by the decoding module, and if the
previous bitstream payload of the previous frame encodes a signal component which
is tonal or harmonic, the decoding module is configured to flip one or more signs of
the plurality of signs of the previous spectrum to reconstruct the current spectrum,
wherein a percentage value p, indicating a probability for a sign of the plurality of
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signs of the previous spectrum to be flipped by the decoding module to reconstruct
the current spectrum, is between 0 % < p < 50 %, wherein the decoding module is
configured to determine the percentage value p.

A decoder according to claim 17,

wherein the decoding module is configured to increase the percentage value p
depending on a number of subsequent frames;

wherein said number of subsequent frames indicates for how many subsequently
partially or fully lost frames error concealment has been conducted by the decoding
module; or wherein said number of subsequent frames indicates for how many
subsequent frames error concealment in a particular error concealment mode has
been conducted by the decoding module.

A decoder according to claim 18,

wherein the decoding module is configured to determine the percentage value p
depending on a function which depends on said number of subsequent frames, said
number of subsequent frames being an argument of said function.

A decoder according to claim 19,

wherein the decoding module is configured to determine the percentage value p,

such that p is 0 %, if said number of subsequent frames is smaller than a first
threshold value;

such that 0 % < p < 50 %, if said number of subsequent frames is greater
than or equal to the first threshold value and smaller than a second threshold

value, and

such that p = 50 %, if said number of subsequent frames is greater than the
second threshold value.

A decoder according to claim 20,
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wherein the decoding module is configured to determine the percentage value p,
such that the percentage value p increases linearly in the range between the first
threshold value and the second threshold value depending on the number of
subsequent frames.

A decoder according to one of claims 17 to 21,

wherein, if error concealment is conducted by the decoding module, and if the
previous bitstream payload of the previous frame does not encode a signal
component which is tonal or harmonic, the decoding module is configured to flip 50
% of the plurality of signs of the previous spectrum to reconstruct the current
spectrum.

A decoder according to one of claims 1 to 22,

wherein, if error concealment is conducted by the decoding module, the decoding
module is configured to reconstruct a current spectrum of the audio signal by
conducting error concealment using a plurality of amplitudes of the previous
spectrum of the audio signal depending on whether or not the previous frame
encodes a signal component which is tonal or harmonic, said plurality of amplitudes
being encoded within the previous frame.

A decoder according to claim 23,

wherein, if error concealment is conducted by the decoding module, the decoding
module is configured to attenuate the plurality of amplitudes of the previous
spectrum according to a non-linear attenuation characteristic to reconstruct the
current spectrum, wherein the non-linear attenuation characteristic depends on
whether or not the previous frame encodes a signal component which is tonal or
harmonic.

A decoder according to one of claim 23 or 24,

wherein, if error concealment is conducted by the decoding module, and if the
previous bitstream payload of the previous frame encodes a signal component which
is tonal or harmonic, the decoding module is configured to attenuate the plurality of
amplitudes of the previous spectrum depending on a stability factor, wherein said
stability factor indicates a similarity between the current spectrum and the previous
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spectrum; or wherein the stability factor indicates a similarity between the previous
spectrum and a pre-previous spectrum of a pre-previous frame preceding the
previous frame.

A decoder (100) according to claim 25,

wherein said pre-previous frame is a last received frame before the previous frame,
which has been decoded by the decoding module without conducting error
concealment, or

wherein said pre-previous frame is a last received frame before the previous frame,
which has been decoded by the decoding module without conducting error
concealment in a full frame loss concealment mode, or

wherein said pre-previous frame is a last received frame before the previous frame,
which has been decoded by the decoding module without conducting error
concealment in a partial frame loss concealment mode or in a full frame loss
concealment mode.

A decoder according to one of claim 25 or 26,

wherein said stability factor indicates said similarity between the current spectrum
and the previous spectrum, if the decoding module is set to conduct partial frame
loss concealment;

wherein said stability factor indicates said similarity between the previous spectrum
and the pre-previous spectrum, if the decoding module is set to conduct full frame
loss concealment.

A decoder according to one of claims 25 to 27,

wherein the decoding module is configured to determine an energy of a spectral bin
of the previous spectrum;

wherein the decoding module is configured to determine whether or not said energy
of said spectral bin is smaller than an energy threshold;
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wherein, if said energy is smaller than said energy threshold, the decoding module
is configured to attenuate an amplitude of the plurality of amplitudes being assigned
to said spectral bin with a first fading factor,

wherein, if said energy is greater than or equal to said energy threshold, the
decoding module is configured to attenuate said amplitude of the plurality of
amplitudes being assigned to said spectral bin with a second fading factor, being
smaller than the first fading factor,

wherein the decoding module is configured to conduct attenuation such that by using
a smaller fading factor for the attenuation of one of the plurality of amplitudes, the
attenuation of said one of the amplitudes is increased.

A decoder according to one of claims 25 to 27,

wherein the decoding module is configured to determine an energy of a spectral
band comprising a plurality of spectral bins of the previous spectrum;

wherein the decoding module is configured to determine whether or not said energy
of said spectral band is smaller than an energy threshold;

wherein, if said energy is smaller than said energy threshold, the decoding module
is configured to attenuate an amplitude of the plurality of amplitudes being assigned
to said spectral bin of said spectral band with a first fading factor,

wherein, if said energy is greater than or equal to said energy threshold, the
decoding module is configured to attenuate said amplitude of the plurality of
amplitudes being assigned to said spectral bin of said spectral band with a second
fading factor, being smaller than the first fading factor,

wherein the decoding module is configured to conduct attenuation such that by using
a smaller fading factor for the attenuation of one of the plurality of amplitudes, the

attenuation of said one of the amplitudes is increased.

A decoder according to claim 29, further depending on claim 18,
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wherein the decoding module is configured to determine the first fading factor such
that, depending on said number of subsequent frames, the first fading factor
becomes smaller, and

wherein the decoding module is configured to determine the second fading factor
such that, depending on said number of subsequent frames, the second fading
factor becomes smaller.

A decoder according to claim 30,

wherein the decoding module is configured to determine the first fading factor and
the second fading factor, so that

1, and
1,

cum_fading_slow

cum_fading_ fast
if the current frame is a first frame among the subsequent frames, and so that
if the current frame is one of the frames succeeding the first frame among the

subsequent frames, the first fading factor and the second fading factor are
determined depending on said number of subsequent frames according to:

cum_fading_slow
cum_fading_fast

cum_fading _slow * slow;
cum_fading_fast * fast;

wherein cum_fading_slow on the right side of the formula is the first fading factor

of the previous frame,

wherein cum_fading_slow on the left side of the formula is the first fading factor

of the current frame,

wherein cum_fading_fast on the right side of the formula is the second fading
factor of the previous frame,

wherein cum_fading_fast on the left side of the formula is the second fading

factor of the current frame,

wherein 1 > slow > fast > 0.
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A decoder according to claim 31, wherein 1 > slow > fast > 0.3.

A decoder according to one of claims 28 to 32, further depending on claim 18,

wherein the decoding module is configured to determine said energy threshold,

such that said energy threshold is equal to a first energy value, if said number
of subsequent frames is smaller than a third threshold value;

such that said energy threshold is smaller than said first energy value and is
greater than a second energy value, if said number of subsequent frames is
greater than or equal to the third threshold value and smaller than a fourth
threshold value; and

such that said energy threshold is equal to said second energy value, if said
number of subsequent frames is greater than the fourth threshold value.

A decoder according to claim 33,

wherein the decoding module is configured to determine the energy threshold, such
that the energy threshold decreases linearly in the range between the third threshold
value and the fourth threshold value depending on the number of subsequent
frames.

A decoder according to claim 1 or according to one of claims 14 to 34,

wherein the decoding module comprises a decoded spectrum storage module
configured for storing a decoded spectrum of the audio signal, wherein the decoded
spectrum storage module is configured to provide a last non-full frame loss

concealment decoded spectrum, and

wherein the decoding module comprises a fade-out and sign scrambling module
being configured for fade-out and sign scrambling on spectral lines of the spectrum.

A decoder according to claim 35,
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wherein the decoding module comprises a quantized spectrum storage module
configured for storing a quantized spectrum of the audio signal, wherein the
quantized spectrum storage module is configured to provide a last non-full frame
loss concealment quantized spectrum, and

wherein the decoding module comprises a partial frame repetition & rescaling
module configured for partial frame repetition and rescaling, wherein the partial
frame repetition & rescaling module is configured to complement the spectrum by
adding spectral lines, which could not be decoded by the decoding module, wherein
the partial frame repetition & rescaling module is configured to re-scale said spectral
lines.

A decoder according to one of claims 1 to 13,

wherein the decoding module comprises a quantized spectrum storage module
configured for storing a quantized spectrum of the audio signal, wherein the
quantized spectrum storage module is configured to provide a last non-full frame
loss concealment quantized spectrum, and

wherein the decoding module comprises a decoded spectrum storage module
configured for storing a decoded spectrum of the audio signal, wherein the decoded
spectrum storage module is configured to provide a last non-full frame loss
concealment decoded spectrum.

A method for decoding a current frame to reconstruct an audio signal, wherein the
audio signal is encoded within the current frame, wherein the current frame
comprises a current bitstream payload, wherein the current bitstream payload
comprises a plurality of payload bits, wherein the plurality of payload bits encodes a
plurality of spectral lines of a spectrum of the audio signal, wherein each of the
payload bits exhibits a position within the bitstream payload, wherein the method
comprises:

reconstructing the audio signal, and

outputting the audio signal,

characterized in that, in a partial frame loss concealment mode, reconstructing the
audio signal is conducted without conducting error concealment for one or more first
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spectral lines of the plurality of spectral lines of the spectrum, which exhibit a
frequency being smaller than or equal to a threshold frequency, wherein said one or
more first spectral lines have been encoded by a first group of one or more of the
plurality of payload bits; and, in the partial frame loss concealment mode,
reconstructing the audio signal is conducted by conducting error concealment for
one or more second spectral lines of the plurality of spectral lines of the spectrum,
which exhibit a frequency being greater than the threshold frequency, wherein said
one or more second spectral lines have been encoded by a second group of one or
more of the plurality of payload bits.

A computer program for implementing the method of claim 38 when being executed
on a computer or signal processor.



